The article emphasizes the important role of metallurgy, which in the conditions of Industry 4.0 development becomes a "fundamental" (according to the terminology of RAS academician S. Glazyev) industry, which is actively involved in the formation of the core of the sixth technological mode. The key factors of the four industrial revolutions and the corresponding production quantities in the metallurgical industry for the period from 1750 to the present time are adduced forward in the text. The trends in the development of the world ferrous metallurgy are analyzed, which made it possible to formulate the latest technological and institutional tendencies in the development of the industry. It is demonstrated that metallurgical production in Russia, in spite of lagging behind in many respects, for example, labor productivity, sorting efficiency, etc. from the metallurgy of developed countries, still has sufficient potential for the introduction of the latest technological solutions here, including in the field of information technology. An assessment of the digitization of the metallurgical industry of Russia on the basis of a set of reasonable indicators is brought up in the present work. The importance of the strategic areas is also justified for the development of metallurgy, such as the control of electricity consumption and energy costs, the introduction of effective recovery strategies and the improvement of work safety of the workers, which corresponds to the solution of the most important task -the production of "environmentally friendly metals" (Green Metals). The development of the metallurgical complex of the Sverdlovsk region for the period from 2008 to 2016 is analyzed in details. It is proved that the region has all the necessary prerequisites for the development of modern technological areas here. The possibility of changing the specialization of the region in the direction toward the development of additive production is shown. The main features of the new technological image of metallurgy of the Sverdlovsk region are formed.
depends on the metal-consuming sectors and reacts to all fluctuations in these industries. The most important condition for its successful development at the global, national and regional levels is an ability to meet the needs of the market with high-quality metal products in a timely manner.
Nowadays, the promotion of technological innovation is a determining factor in maintaining the competitiveness of metallurgy in the global market. The long-term technical and economic development of the economy is inextricably linked with the introduction of technological, organizational and marketing innovations in all sectors of the real economy. Their well-coordinated work predetermines the successful implementation of the development strategy for the domestic industry based on the principles of Industry 4.0.
At the same time, the position of the "carrier" industry, in the interpretation of Academician Glazyev, the development of which is necessary for the formation of the core of the sixth technological mode, is incurred by metallurgy. The key moments of the metallurgy development amid the industrial revolutions are presented in Figure 1 .
The main condition for maintaining the competitiveness of metal products under Industry 4.0 is constant innovation, and the main factor of production is knowledge. The priority areas for investment are human capital and environmental safety of production.
The constant growth of the requirements for the quality of metal products acts as a driving force for improving the manufacturing process. Insufficiently high rates of technological development of ferrous metallurgy increase the risks and vulnerability of the industry in the construction materials market. NIOKR-2018 According to the World Steel Association (WSA), in 2017, 1 billion 689.4 million tons of steel were produced worldwide, which is 3.8% more than in the previous year (Table   1 ). China still holds the leading position in terms of steel production -831.7 million tons, Japan is in second place -104.7 million tons, followed by India (101.4 million tons), USA (81.6 million tons) and Russia (71.3 million tons). The share of Asian countries today accounts for about 69% of smelted steel in total.
Among them, India shows high growth rates and surpassed the amount of 100 million tons in 2017. In the country, large investment projects are being implemented for the construction of new and expansion of existing production capacities. Japan is the only state among the leaders in Table 1 showing a decrease of steel production in 2017. At the same time, in Japan the demand in the high-tech segment of the market is increased -in the automobile industry, for rolled sheets made of high-strength steel (UHSS category).
The leader of metallurgical production, China, showed a slightly lower growth rate than India in 2017. China is also actively involved in processes of innovation and renovation of fixed assets.
The output growth of Chinese steel smelting was caused, among other things, by increasing domestic demand. Over the past year, the consumption of steel products in China increased by 8.3% reaching almost 737 million tons. The growth of the steel consumption is also observed in the USA, Turkey and Brazil by more than 5% in 2017. In 2017, the average value of steel consumption growth in the world was 4.7% in comparison with 2016.
In the long run, the global steel consumption is expected to grow 1.5 times by 2050.
It is related to various factors including the increase of steel consumption in traditional and new sectors of the economy and growth of consumption in emerging markets (India, Iran), and with the difficulty of substituting steel with alternative materials. The need of the key sectors of the EU economy in metal products by the 2050 year takes into account
[2]:
• transport -multimetals, hybrid metal, non-metal materials, combined heatresistant metals; SMART;
• energy -austenitic, single-crystal and dispersion-strengthened (ODS) steel; reinforced and composite metals; metals with heat-shielding coating, etc.;
• construction -fire-resistant steel, damping materials (for example, Fe-Al-Si alloys), composites.
Further growth in the demand of the real economy in ferrous metals is associated with new directions for the development of material production. In China for instance, as part • new advanced materials -for 3D printing, powdered ferroalloys, high-temperature powdered alloys;
• key strategic materials -special anti-corrosion steel with supercritical temperature (700 C), single-crystal alloys in the form of powder, cheap high-temperature alloys;
• advanced base metals -high-strength automotive steel, heavy-duty steel for highspeed rail tracks, high quality steel for offshore structures, functional composite construction steel of the new generation; pipeline steel, including the one for transportation of oil and gas products: ultra-high strength steel (х 90/100), steel with thickness more than 33 mm (x 80); roll-bonded clad plates, stainless ultrastrong steel.
As of today, no key changes in the ferrous metal production processes are expected, the traditional steel production scheme will remain unchanged. Nevertheless, as world experience shows, the most significant innovations for the industry are implemented through new approaches applied in materials science. For example, in the recent years, the field of advanced high-strength steels (AHSS) production has been developing rapidly. By 2025, as European experts predict, the demand for AHSS will double the level of 2015 [4] . Consumer properties of this steel are characterized by the fact that it is 30% lighter and five times stronger than other materials serving similar purposes. NIOKR-2018 According to the experts, at least 80% of the innovative developments are based on the introduction of new materials and on the technologies for their production [5, 6 ].
An increased application of the nanotechnologies to an industrial scale is expected, which will jolt the further development of powder metallurgy, plasma spraying and the artificial formation of ultrapure metals. Also, today it is impossible to talk about any modern samples of industrial products without metals with controlled properties. In the world, mainly in developed economies, the trend of production customization is getting established, and at that the need for new types of high and super high quality steel increases according to the customer demands.
The analysis of global ferrous metallurgy tendencies makes it possible to point out the following basic conditions:
• growth in labor productivity and operational efficiency, mainly due to new technologies (IT integration, 3D printing, energy and resource saving) and modernization of existing ones;
• the growth of the share of innovative products mainly due to the release of new types of high-strength steel and additional service properties, and the development of precision technologies;
• an increase of attention to environmental friendliness of production, the growth of environmental innovations (electric arc furnace, direct intermediate technologies,
waste-free production) [4, 6, 7] .
These data form an idea of the fundamental changes that are awaiting the metal- per capita in Russia was 274.8 kg, in the USA -298.8 kg, in the EU -306 kg. In Russia, this indicator should reach the mark of 390 kg by 2020 [9] . This indicates the possibilities of economic growth at the achieved level of metal consumption [10] . More than 80% of the metal consumed in Russia is accounted for by machine building, the construction sector, the pipe industry, etc. (Figure 3 ) [11] . Forming strategic materials for the development of ferrous metallurgy, alternative options are considered for using the latest technological solutions to reduce the development lag of ferrous metallurgy of the Russian Federation. At the present moment, this lag of the industry remains in terms of technological efficiency, labor productivity and product range efficiency [13] . The reason for the lag in the level of labor productivity is not only the technological factor but also the sociopolitical factor determining the social responsibility of large enterprises, the need to resolve the problems of single-industry towns, and insufficiently effective production management. NIOKR-2018 In accordance with the forecast for the development of the domestic economy until 2020, the rise in demand for metals estimated at around 3-5% per year [14] . Herewith, the need for high-quality metal products increases. In a long-term perspective, the Statistics Service of the Sverdlovsk Region, the share of metallurgy decreased over the last year by 7.8%, reaching 49.7% in 2016. This is due not so much to the reduction in the manufacturing volumes of metallurgical products but rather to the increase in the production of other processing activities (food production, electrical equipment, vehicles, chemical production, etc.). According to Sverdlovskstat, at the end of 2016, the share of metallurgy in the average number of employees and the share of investment in fixed assets from all types of economic activity amounted to 7.2% and 16.6%, respectively (Table 2) . For a more complete analysis of the industry development in the region, beside the traditional indicators, it is also advisable to take into account factors characterizing the qualification level of labor resources, the degree of compliance of technological development with world trends, innovation and other significant indicators (Table 3) .
At the end of 2016, the volume of investments in fixed assets of enterprises from the metallurgical complex amounted to 38.5 billion rubles. The value of labor productivity (as a ratio of the volume of products shipped to the total number of people employed in the metallurgy) decreased slightly in 2016, but remained at a relatively high level -7.5 million per rubles/person. The share of metallurgical production organizations implementing technological innovations in 2016 was 16.1%. From the Table 3 it follows that in recent years there has been a decrease in the share of intermediate metal products. This is mainly due to the growth in the production of low value-added metal products for the construction sector, which became more in demand for the region during this period.
At the same time, there was also a decrease in demand from 2014 to 2016 for welded pipes of the oil and gas pipeline and a less noticeable increase in the demand of the same market segment for seamless pipes.
In 2016, there was an increase in harmful emissions into the air and into the water, which was basically related to the production activities of the Nizhny Tagil Metallurgical Works.
In general, the positive trends in the development of metallurgy in the Sverdlovsk ences. The consortium is planning to implement investment projects to create powderlayer fusion units as well as to obtain metal powders by gas atomization [17] . Currently, the Urals Consortium is developing a regulatory framework including the creation of passports for metallic materials used in 3D printing. The On the territory of the Sverdlovsk region, industrial 3D-printers also operate at the Ural Optical Mechanical Plant named after E.S. Yalamov ("UOMZ", Yekaterinburg) and FSUE Production Association "October" (Kamensk-Uralsky) [18] .
Analysis of the industry development trends at the global, national and regional levels, the evaluation of forecast data and reports from international consulting companies working in the field of metallurgy development, allowed identifying new trends determining the further technological development of the industry in the digital economy:
• the growth of consumer demands for quality of the metal on a set of properties including those with a precision character;
• a fundamentally new level of automation of metallurgical production systems and services providing it;
• the increasing importance of taking into account the flexibility of strategic decisions at choosing perspective technologies and their resource support;
• development and expansion of the functionality of additive technologies of metallurgical production based on ultra-pure metal powders;
• consolidation of digital technologies in the chain of creation of value-added metal product cost.
The implementation of new technological capabilities of the metallurgical industry is possible on the basis of modern institutional transformations including:
• the development of network structures that contribute to the formation of conditions for increasing the efficiency of enterprises of the mining and metallurgical complex under the conditions of Industry 4.0;
• the development of mini and smart metallurgical plants;
• transition to new business models that meet the conditions for the development of Industry 4.0;
• the formation of new development institutions that promote the implementation of the principles of Industry 4.0 in metallurgy, which develop additive technologies, the Internet of Things, Big Data, production robotization;
• expansion of basic tools for the development of metallurgy by more active use of tools for venture financing;
• development of public, educational and scientific institutes for the development of metallurgy, ensuring the improvement of the qualification level of labor resources, strengthening project innovation activities, taking into account social needs.
Promotion of the advancement of new technological solutions in metallurgy should increase the role of interaction between government agencies, business and science, and the development of international relations [19] . At the federal and regional levels, support for enterprises in the industrial complex of the region is provided by the largest development institutions today. 
